Purpose: The aim of this study was to investigate the possibility of delivering riboflavin into the corneal stroma for cross-linking with the aid of a tensioactive substance (benzalkonium chloride), without removing the epithelium, in order to make corneal cross-linking (CXL) a less invasive technique. Methods: Rabbit corneas were cross-linked in vivo without removal of the epithelium, using riboflavin solution 0.1% to which benzalkonium chloride solution was added. The corneas were then examined by light and electron microscopy for evidence of collagen cross-linking. Control non-treated eyes were compared with treated ones. Results: The treated corneas were stiff and yellow in colour, and on light microscope examination they showed straight compact collagen fibres in comparison with control corneas in approximately 50% of the corneal thickness. Electron microscopy revealed regular arrangement of fibres in the outer 200µm with reduced inter-fibre distances in the treated corneas, but with no noticeable differences between control and treated corneas in the inner 100µm. Conclusion: The addition of benzalkonium chloride to the riboflavin solution facilitated its entry to the corneal stroma through the epithelium, and CXL occurred without epithelium removal.
Post-laser-assisted in situ keratomileusis (LASIK) ectasia, reported since 1998 4 and characterised by progressive corneal steepening (usually inferiorly), increase in myopia and astigmatism with consequent loss of uncorrected as well as best corrected visual acuity, 5 is a new area for CXL with promising early results. 6, 7 Other recent applications of CXL are in the treatment of bullous keratopathy 3 and infective keratitis. 8 As the efficacy of CXL is becoming more established and new applications for its usage are appearing, the number of patients seeking this treatment continues to grow. We see the standard protocol for CXL as moderately invasive as it requires mechanical removal of the epithelium; this has motivated us to develop a variant of the standard technique in which the epithelium is not removed, in order to offer patients a less invasive, safer and faster CXL while retaining the efficacy of the standard technique.
Materials and Methods
The cross-linking was carried out at the Zooprophylaxis Institute, 
Results
During the extraction of the corneas from the rabbit eyes, the treated corneas were noticeably stiffer and yellow in colour (see Figure 1 ), unlike the control corneas, which were flaccid.
Light Microscopy
Comparing the light microscope pictures of the treated and control eyes at 20x magnification, the following was noticed in the treated corneas in comparison with control corneas:
• the epithelial surface was straighter (retained curvature due to increased stiffness);
• the epithelium was more compact;
• in the stroma, the fibres showed more compact arrangement, and the fibres were straight compared with the wavy fibres in the stroma of the control corneas -this effect was noticed in approximately the upper 50% of the stroma; and
• the deep stroma adjacent to the endothelium looked the same as the control -the 40x images confirmed the same findings in the 20x× images (see Figure 2 ).
Electron Microscopy
Images of 16,000x magnification were obtained for the stroma.
Sections from treated corneas showing the stromal fibres cut transversely at 90° from different layers of the stroma revealed the following on comparison with control corneas.
• images from the upper 200μm of the stroma (see Figure 3) showed:
• decreased inter-fibre distances, with more compact and regular arrangement of the fibres;
• increased number of fibres per unit area; and
• increased diameter of the fibres; and
• images from the lower 100μm of the stroma did not show any morphological differences between the control and treated corneas.
Discussion
The treated corneas on macroscopic examination showed increased stiffness in consistency. On microscopic examination this can be correlated with the straight collagen fibre arrangement in the upper 50% of the corneal thickness (which is about 200μm, as the average corneal thickness in rabbit eyes is 407±20μm). 9 On TEM examination a far more regular collagen fibre arrangement, with reduced interfibre distances, was evident. From these results we concluded that CXL had occurred in this area. Further examination of the specimens at deeper stromal levels (bottom 100μm) did not reveal significant The most obvious and unavoidable complication is the discomfort and pain the patient experiences until full re-epithelialisation of the cornea occurs. Whatever the mechanism of removing the epithelium (mechanical, alcohol-assisted or by excimer laser ablation), this complication is unavoidable. 10 Most surgeons performing standard CXL mechanically remove the epithelium; this can leave a rough stromal bed that may impede epithelial healing. It was noted that with mechanical removal there are Bowman's layer defects, an irregular anterior stromal surface and retained islands. 11 It is estimated that re-epithelialisation requires at least four days to complete and up to three months for qualitative improvement of the epithelial cell mosaic compared with the pre-operative state by confocal microscopy. 12 In the period of re-epithelialisation there is an accompanying stromal oedema. 
